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1. GENERAL 


1.1 Thia section provides REA borrowers, consulting engineers, 
contractors and other Interested parties .with technical 
information for use in the design and construction of REA borrowers' 
telephone systems. The procedure used to lay out subscriber loop 
plant and PABX trpnks is discussed. 


NOTE: In view of increasing movement toward universal adoption of 
the Metric System, the following conversion factors are provided: 


To Convert 

Inches 

Feet 

Kilofeet 
Miles (StatAite) 


Into 

CentisMters 

Centimeters 

Kilometers 

Kilometers 


Multiply By 

2.540 

30.48 

0.305 

1.609 


Conversely, 
Multiply By 

0;3937 . 

3.281 X 10-2 
0.3281 
0.6214 
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1.2 This revision replaces REA TE&CM 424, Issue No. 2, dated October 

1965 and reflects changes in design objectives and Increased 

utilization of finer gauge cables with electronic transmission and 
signaling devices. Significant changes in design objectives include 
a reduction in the permissible 1000 Hz loss, revision of the voice 
frequency response objectives and improvement in the idle circuit 
noise requirements .(see REA TE&CM 415, Issue No. 4). 

1.3 Design emphasis centers on the following factors: 

(a) Central office signaling limits of 1700 ohms outside plant 
loop resistance without the telephone set. 

(b) 24 and 22 gauge cable for backbone plant, 0*.083 pF/mi average 
mutual capacitance. 

(c) Limited use of 26 gauge cable in high density areas, 

0.083 pF/ml mutual capacitance, where no. future extension 
beyond the 26 gauge limit or multi-channel carrier appli- 
cation is anticipated. 

(d) De-emphasis of 19 gauge multi-pair cable. . 

(e) Maximum loading of loops. 

(£) Use of D-66 loading. 

(g) Central office and/or field mounted voice frequency 
repeaters on all loops over 1700 ohms outside plant 
resistance. 

(h) Utilization of Bridged Tap Isolators (BTI's) and low 
capacitance buried distribution wire. 

(i) Use of loop extenders or long line adapters with additional 
48-volt booster power supply on all loops over 1700 ohms 
outside plant loop resistance. 

(j) Elimination of transmission computations in most cases. 

(k) Reduction in the number of central offices in. a given area 
due to Increased signaling and transmission limits. 

1.4 Application of all design procedures in this section will result 

in satisfactory transmission to all subscribers. Where finer 

gauge cables are used, this will normally also result in the most 

economical design. 

1.5 The deslgn-by-loss method is used in this section to compute the 

1000 Hz loss to the subscriber. This method is based on the 
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actual transmission loss In the loop In the same manner as transmission 
computations are made for trunk circuits* It la not only possible to 
know the actual loss of the loop in the design but also to verify Its 
performance by measurement. This can be accomplished by one man 
initially, and on a routine basis thereafter, it can also be used when 
transmission difficulties are being experienced or when circuit rear- 
rangements are being made. Equipment which can be used by onb man to 
verify the design-by-loss is a portable loop checker for connection 
to subscribers stations in conjunction with a reference tone generator 
and quiet termination in the central office which can be ^'dialed up** 
from any subscriber loop. When a multi-frequency generator is avail- 
able in the office, the circuit frequency response can also be measured. 
Some loop checkers now available are also capable of measuring dc loop 
current, circuit noise (noise metallic)- and power influence (nolse-to- 
ground) , therefore, a thorough transmission test can be quickly made 
on nearly all types of loops. 

1.6 Consistent application of the design procedures in this section 
assures that when loop checker equipment is used, applicable 
requirements can be verified. 

2. GENERAL TRANSMISSION REQUIREMENTS 

2.1 Transmission Objectives 

2.11 Loss to the farthest subscriber in any loop should not exceed 
8 dD at 1000 Hz exclusive of the loss in the central office. 

All other loops are designed to have better transmission than the 
limiting loop (see Figure 1) •• 

2.12 Loss to a FABX location should not exceed 5 dB at 1000 Hz 
exclusive of the loss in the central office (see Figure 2A). 

2.121 Loss to the farthest PABX station should not exceed 8 dB at 
1000 Hz exclusive of the loss in the central office and 
including a 0.5 dB loss in the PABX. This is the sum of the PABX 
trunk, PABX switching loss end PABX station loop losses (see Figure 
2B). 


2.2 Noise Objective 

2.21 Noise objective for subscriber loops should be 20 dBm-G or 
less circuit noise (noise metallic) as measured at the line 
terminals of telephone sets at the subscriber location uliing a Noise 
Measuring Set or portable loop checker in conjunction with a dialed 
up "quiet termination" at the central office end of the circuit. 

2.3 Non-Loaded Loops 

2.31 Subscriber loops in cable which are 18 kf or less in length, 

including all bridged taps, need not be loaded except ae noted 

below. 
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2*311 Subscriber loops entirely in 26 gauge cable should not exceed 
15 k£ Including all bridged taps* 

2*32 PABX trunks in cable which are 11 k£ or less in length need not 
be loaded except as noted below* 

2*321 PABX trunks entirely in 26 gauge non-loaded cable should not 
exceed 9 kf* 

2.4 Bridged Tap Reouirements ■ Non«»Loaded toops 

2*41 Non-loaded loops should have no toore than 6000 feet of bridged 
tap whether it be in one bridged tap or the sum of several tape> 
as viewed from any subscriber location on the loop* Bridged tap lengths 
are included in total cable length for determining when loading is 
required (see Figure 3). 

2.42 PABX trunks should have no bridged taps* 

2*5 Loops Which Reoulre Loading 

2*51 Loops where cable length) including all unisolated bridged tapS) 
extend 16 kf or more from the central office regardless of gauge 
should be loaded* 

2*511 Loops which are entirely 26 gauge cablei Including all unisblated 
bridged taps, should not be extended beyond 15 kf from the cen- 
tral office and, therefore, do not require loading* 

2*512 Special transmission considerations may require loading of 
loops with a length shorter than 18 kf* This would Improve 
the return loss of the loop as well as its frequency response* Two, 
or. in some cases, only one loading point will help improve the trans- 
mission characteristics* 

2.52 PABX trunks where cable length extends 11 kf or more from the 
central office regardless of gauge should be. loaded for their 
entire length. 

2*521 Cable length of, PABX trunks which are entirely 26 gauge cable 
should not be extended beyond 9 kf from the central^office and, 
therefore, do not require loading. 

2*6 Definition of Loaded Loop Subscriber End-Section 

2*61 A subscriber end-section is defined as the total length of 
exchange cable (0*083 microfarads per mile average mutual 

t apacitance) extending beyond the last loading coil on the subscriber 
nd of the facility. 
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(SiOTE: Unless specified otherwise > end-section always refers to sub- 
scriber end-section.) 

2.62 An end-section In D-66 loaded cable Is defined as "long end- 
section" ^dien: (1) it*s length is between 6.5 and 12 kf total 

after the last loading point including all unisolated bridged taps 
with exchange cable, or (2) it does not exceed 24 kf with low capa- 
citance distribution wire (0.045 microfarads per mile average mutual 
capacitance). 

2.63 An end-section in D66 loaded cable Is defined as "short end- 
section" when It is between 2 and 6.5 kf in lehgth. 

2.64 Loaded loops designed for one-party service and PABX trunks 
should have "short end-sections" only* They should have all 

the loading colls which can be properly placed in that length of 
cable with no bridged taps. 

2.7 Loaded Subscriber Loop End-Section - "Long End-Section" 

2.71 Length of the subscriber end-section should be as short as 
practicable consistent with maintaining adequate line fills. 

2.72 Maximum subscriber end-section length for D-66 loading should 
not exceed 12 kf total Including all unisolated bridged taps. 

Maximum end-section for H88 loading should not exceed 9 kf Including 
all unisolated bridged taps. 

2.8 Loaded Subscriber Loop End-Section - "Short End-Section" 

2.81 Subscriber end-section in a short end-section loaded loop can 
be between 2000 and 6500 feet. 

2.82 When subscriber end-sections in a short end-section loaded loop 
are less than 2000 feet in length, the last loading coil should 

be removed. 

2.83 Maximum loading should be used in loaded loops intended for 
one-party service because end-section requirements are no 

longer controlling. 

2.9 Loading Systems 

2.91 For new construction or essentially new construction, D-66 
loading should be used. 

2.92 When upgrading existing plant, consider D-66 loading. If not 
practicable, consider extending with the existing loading system 

in use and apply the design procedure in Table II for H-68 loading. 
Continued use of H-88 loading should be weighed against its transmission 
limitations. 
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3. CABLE GAUGE SELECTION 


3*1 EconcMolc considerations must be weighed in detenninlng the piroper 
cable gauge. This la especially important when considering Instal 
lation of fine gauge cable. Additional maintenance costs which might 
result should be compared with apparent first cost savings* Also > con- 
sider the probability that some of the facilities may later be used for 
carrier or other electronic equipment when selecting cable gauges* 
Consider finer gauges where cables are large and coarser gauge ^ere 
cables have very few pairs. This can facilitate future circuit 
expansion by carrier, if necessary* 

3.12 In weighing first cost savings against increaied maintenance 
expense, special consideration should be given to lightning 
damage. Calculations show 26 gauge 'cable to be about four times more 
likely to be damaged by lightning than 22 gauge cable and about two 
times more likely than 24 gauge cable. Increased lightning damage to 
26 gauge as compared to other gauges should be considered with all 
other factors such as annual charges, frequency of service outages, 
etc. Large pair size 26 gauge cables (more than 2(J0 pairs) close to 
the central office are less likely to be damaged by lightning than are 
smaller pair sizes. In urban areas buildings and other utility lines 
provide considerable shielding against lightning that is not available 
in rural areas. 


3*2 Consider the economics of selecting 26 .gauge where the longest 
circuit lengths of a route do not exceed 2*8 miles from the 
central office. Twenty-six gauge cable loops should not be loaded. 


3.21 Consider the selection of 24 gauge for circuit lengths up to 
10.7 miles from the central office for loops with “long" or 
"short" subscriber end-sections. 


3.22 For distances longer than 10 to 12 miles from the central 
comblnatlfis!’ 22 gauge or 22 and 24 gauge 


3.23 For 24 or 22 uniform gauge plant, lay out the tranamlaalon 

i" accordance with Table I or II. No tranemlaalon 
computations need be made. 

3.24 mixed 24 and 22 gauge plant, lay out the transmission 

!! accordance with Chart III. No trinsmlssion Com- 
putations need be made. 


3.25 Nineteen gauge cable should not be used unless the above pro- 

one end a^onomlcal. In general, use 19 gauge In 

sections or’'for'’’f distribution at*the end- 

sa^ctlons or for long subscriber or station carrier routes. 
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3 *26 Nineteen gauge multi-pair cable should be used only for circuit 
lengths exceeding 4300 ohms with 22 gauge cable. Conpute the 
transmission in accordance with REA TEACH 426, "Subscriber L^p Com- 
putations - Design-by-Loss Method." 

3.27 When upgrading existing plant different gauges or more than two 
of the gauges shown in Tables I and II and Chart III will pro- 
bably be retained* ^e recommended maximum dc loop resistance values • 
in Charts 1 and IX still apply for all gauge mixtures. ' Use the infor- 
mation in REA TEACH 426 to compute the dc loop resistance. 

3-3 Separate Cables ' 

3*31 Consideration should be given to the economies of providing 
separate cables of different gauges. Subscribers nearer the 
central office might be served via finer gauge cable without the 
higher cost penalty of coarser gauge cable needed for longer subscriber 
loops* The coarse gauge cable can be utilized for the future extension 
of subscriber carrier* 

4. CENTRAL OFFICE LIMITS 

4*1 During past years, step-by-step central offices of some manu- 
facturers have been arranged to operate properly (without a 
long line adapter (LLA) or loop extender) with up to 1700 ohms of 
outside plant dc loop resistance with burled plant construction. All 
common control type offices listed by REA meet this requirement. With 
aerial cable construction, these offices should operate properly up to 
1500 ohms outside plant loop resistance. 

4*2 Older central offices can sometimes be economically modified to 
meet the signaling limits of paragraph 4.1 above. For further 
information, refer to the applicable 300 series sections of the 
Engineering Manual* 

4*21 Values of outside plant dc loop resistance referred to in para- . 
graph 4*1 above .include the resistance of all plant components 
but do not include the central office battery feed dc resistance and 
the telephone set resistance which are normally about 400 and 200 ohms, 
respectively* 

4*3 Loops longer than 1700 ohms for buried plant and 1500 ohms for 
aerial cable plant referred to in paragraph 4.1 above ■ require 
that a central office mounted long line adapter or loop, extender unit 
be used, either in a regular design or in a common mode arrangement 
(see TEACH 429)* In Cononon Mode arrangements a minimum 6f voice 
frequency repeaters and Long Line Adapters are connected in a non- 
dedicated manner to serve a large number of loops requiring long loop 
devices. 
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4*31 A long line adapter unit In a 4d-vt>lt central office suppl«Bented 
with a 24 or 48 volt booster power supply (paragraph 6 below) 
operates properly up to 3000 and 4300 ohms outside- plant loop realetance 
respectively. 

4.32 A loop extender unit In a 46 volt central office (described In 
TE&CM 332) operates properly up to 4300 ohms total outside plant 
resistance. 

5. MAXIMUM OUTSIDE PLANT LOOP RESISTANCE 


5.1 Outside plant dc loop resistance of the longest loop equipped 
with a long line adapter or loop extender unit should not exceed 
4300 ohms. 


6. BOOSTER POWER SUPPLY 


6,1 Booster power supply should be used on all burled plant loops 
over 1700 ohms and aerial cable loops over 1500 ohms outside 
plant dc loop resistance vrtien a long line adapter Is used. No booster 
power supply la required when a loop extender Is used. 


6.2 Use 24 volt booster with loops up to 3000 ohms rosxlimim outside 
plant dc loop resistance. 

6.3 Use 48 volt booster with loops up to 4300'ohm8 isaxlisua outside 
plant dc loop resistance. 


6.4 


In all cases a 48 volt booster may be used In lieu of a 24 volt 
booster but not the reverse. 


7. VOICE FREQUENCY REPEATERS 


ue repeater, should be used tor loaded loops 

.nd-se:?lo^L“rshot XtrT' ““ == « 

7.2 For loaded loop with end-eectlons of 2 to 6.5 kf no voice fr« 
plant ?! 

I 

7.21 Loaded loops with end-sections In excess of fl <1 m j 

ohms. ^ch^loips''wlu’'pTOvldff**‘‘ f?!*"?* 1300 

service and should be designed on'.n lnSwL"‘uiJS!^°" 

^Mtere wit h Manual Gain 
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be used between 1700 and 3000 ohms outelde plant dc loop reelstance* 
Refer to Chart !• 

7.32 Common Mode Operation ; For loaded loops beyond 3000 ohms 

outside plant dc loop resistance, augment the central office 
mounted voice frequency repeaters, set for 6.5 dB net gain, with a 
field mounted repeater set for 4.5 dB net gain. Bnd-aectlon limits in 
paragraphs 7.331, 7.332 and 7.333 apply. 


7.33 yton-Common Mode Operation 

7.331 Field mounted voice frequency repeaters set 'for 11 dB net 
gain should be used on loaded loops with end-sections of 2 
to 12 kf between 3000 and 3800 ohms. Refer to Chart I. 

7-332 Field mounted voice frequency repeaters set for 11 dB net gain 
should be used on loaded loops with end-sections of 2 to 6.5 kf 
between 3800 and 4300 ohms. Refer to Chart I* 

7.333 Loaded loops with end-eectlons in excess of 6.5 kf to approxi- 
mately 12 kf may be utilized In the zone between 3800 and 4300 
ohms. Such loops will provide fojr efficient distribution of party line 
service and should be designed on an individual basis. 


7.4 Repeaters with Automatic Gain Control • 


7.41 Voice frequency repeaters with automatic gain control may be used 
at this time with all loaded loops in CoDnon Mode arrangements. 

^en dc loop resistance of the outside plant is less thari 1400 ohms, less 
than 1 dB net gain is provided. Between approximately 1400 ohms and 2200 
0 ^ 8 . 3.5 dB net gain is provided and 6.5 dB net gain beyond approximate!' 
2200 ohms. Maximum benefits, of the repeaters with automatic gain control' 
is expected to be in Cpninon Mode Operation. Refer to Chart II. 

7.42 End-section limits of paragraphs 7-32, 7.331, 7.332 and 7.333 
apply to repeaters with automatic gain control. 


8. BRIDGED TAP ISOLATORS (BTI'S) 

. ' { 

8.1 Consideration should not be given to the use of bridged tap 

isolators for controlling subscriber end sections until all 

other means, have failed. Assignments should be checked to ascertain 
that subscribers have been grouped as close to each other, as practi- 
cable. All bridged taps not in use should first be eliminated. 

8.2 Refer to REA TE&CM 428, "Application and Use of Bridged Tap 

Isolators for Subscriber Loops,” for detailed application guides, 

9. MEANS FOR MEETING END-SECTION REQUIREMENTS 
^“1 Proper Subscriber Asaignment 
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9.11 Station numbers and' line assignments should be considered at 

the time the plant layout Is made up and then revietred carefully 
at the construction stage by the design engineer * ^ 


9.2 Disposition of Unused Cable Pairs 

9.21 Portions of cable pairs extending beyond the point of the last 
subscriber's connection on the lead should be cut- dead. For 
protection considerations, the portion of the pair cut dead should be 
left floating at both ends. That isi the dead portion of the pair 
should not be grounded at either end. 

9.3 Low capacitance buried distribution wires may be used to 
electrically shorten the end section. 


9.4 


Bridged Tap Isolators to maintain proper end-section should be 
used only after all other poeslblUtles have been eliminated. 


10. STAKING AND LOAD SPACING CONSIDERATIONS 


10 . 1 Staking and Construction 

office end-sectlon and load periods la to meet th. 

«.d other factor, ace favorable, to 

f^d‘'6Soo‘’fe:r(HrL“r r «oo f.et cw 

to be derived from thetpUcftli^of'er 

consideration 1 . that wl?hli the averaget^li ^ i">Portant 

^ etaked to look as much like the other iLdina’ .ootlon 

Thl. la especially trfle for the four “• P^^ible. 

cUctronlc equipment .uch a. office «.d field 

10.2 * 


10,21 


Office End-Sectio n Lan^ rh 


Office end-section should be one-half (n . 

normal full section WhA.<. 4 .. * w*5; the length of the 

wf is!"’ " “ 


trough circuits 
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loop-arpund and all other Incidental lengths should meet the following 
apacing requirements: 

1ft. .*^2 Deviation of the average apacing fr om the standard spacing 
should be within ±3 percent * 

10.33 Root Mean Smiare (RMS) value of all deviat^ of 
np«r<np; lengths from the av erage apacing should not be more 

than two percent computed in accordance with TE&CM 431, 

10.34 Where the application of the RMS method for determining apacing 
deviation requirements la not practical due to efeking and/or 

construction or other local factors, the method discussed below is 
considered acceptable- 

10.341 Average of the differences (with signs disregarded) 

Ti;r"?^t vtdual spaclngs and aver age spacinga should be within 

two percent s 

in. 35 Deviation of the length of longest sections from 

the "ave^age apacing should be within .3 percent * 

electrically built-out to the average ^"i”‘’eomputlng the 

of a building-out capacitor. Step- y . becomes necessary 

amount of bulldlng-out capacitance requir^en^thls^bec^^^ 

ia shown in REA TE4CM 431. It Is dealing l^Tccessfully with abnormal 

to provide staking personnel a tool for deall^ a 
situations only and la not recommended aa a genera p 


10.4 l^ad Snacin B Requirements (H-8^ 


10.41 As-bullt plant, including main l'^^:"8^"jgit?redestri" 

“'..'t:.;;;::.'! :»u. .».« -« 

Spacing requirements: 

,n.4. Deviation of the nverNg e spacing from the , mnda,d spa cin| 
r.~~ within ±2 percent. 

half of one percent - 

10.44 of the length ^ 

Avarage spacing, should be within — £ 
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10*441 Where terrain or other local factors make It ImDOBalhl- 
an individual loading section to meet the tZ percent r« 
raents of paragraph 10,44 above with actual cable, an lndlvldti«f ? *5?"* 
section may vary as much aa -15 percent but only +2 percent^rom^^h**^**® 
average spacing. Where this becomea necessary, the abort 
be electrically built-out to the average spacing of parasranh 
means of a building-out capacitor. Step-by-step procedure 
the amount of bulldlng-out- capacitance requlr^ wLn thl^hf 
necessary la shown in REA TE&CW 431. It v u **®<^««ne8 

method la to provide ataki^rlnnel . tool for ‘hla 

»Uh abnonaal altuatlona only and la not recotoianded a, * gtoaraj^''^^^ 

s«M»orai practice 

-g“fa"g>^lbera Between Loading Point. 

should BUbacrlbarn 
11. CENTRAL OFFICE PAIR BRIDGING 
11-1 It is sometimes desirable 

*•3 applies. » not exceed 9000 feet. Paragraph 

U.2 ^^n-loaded palra ahould not be bridged to loaded pair. vUbout 
11.3 leaded pair, ahould not be . 

11 -* Refer to mcM 428 f j P“l« without BTI 'a. 

‘a. ™o„g3gX 

^ i i_ 

Haterlala for”^!!*^!'**®*' the current RKa H 

■• ^ "R" tesardleea of lena^rf 

3- HOISB CONSiDERArioNs teconraended. 

Avoid pUclng burled r , Po^-^^le. 

“ee fuuv H °>‘%-half'„'a:?‘* ‘faclUtle, 

*:hroughout with , 

Prowtl,. 
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routes • 

ah. u.. o. .p.. .«• ““ 

to connect with cables - 


uv WW*.**--- 

^1- Off* Hat of Materials. 'Where 

13.16 Use '^^^'Sers which are on the parties on a line 

divided ringer, must be^^^ side of 

or two-party AND, , / . teSiCM 212)- 

the line, where practical (aee. iw. „ a 

All rinaers bridged ii 

thls^fernorrrauuTfe^l-aelectiv. ringiAg (see lEfCM 212). 

■ « 


13.17 


13.18 


.p. ...a. -11 ”■ 

13.19 The pr.f.P«a P1P« 8 «"'p1 

party lines requires /eondltion. This arrangement 

the tip party station during consideration in the presence of 

r i-iir-s-fs-.. 8.P.P.. .. — 

(see TE&CM 707). 

14. SUBSCRIBER OR STATION CARRIER ^ 

Torti™ :i faded 

wide variety Ufed Sfi-" 1°<>P* "P “ '' 

f of 50 .He. .r -or.. 

. used ■ th t combined overaljiL 

14.2 When feS and voic; frequency poftions 

^ coinpoaed tranBni.alon. objective, (l-e-. 

should meet all voice frequency era 
:^ximl 10 .. at 1000 Ht, etc). 


loss at iuuu n*., 

3 ppppp... .< — r‘-‘» s.;-ar:; “ 

;re Lce..ary, tv^e. -^.7 (a) .ub.criber teminal. 
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14.31 The flrat category of aubacrlber carrier is a type of eauin 

aent deaigned to be mounted Inside or very near the subscriK. . 
building. These are often one channel add-on types and havA v.... t * 
length voice drop capability fi.e., 25 ohms). Transnisslon calouUM’^'^ 
are not necessary for these types; the net loss of the carrier cLf ?"* 
la either factory adjusted or can be manually adjusted to provld^ 
los^ Resistance of the telephone set becomes critical becluae 
pre^lnates in control of the loop current. A higher than nolf? 
re.l.tance or a push button telephone may result In an.lnadaouIT / 
current even though the loop does not exceed 25 ohms. ’■“op 

14.32 The second category refers primarily to the Qt»n„ 

variety of equipment. Computations mav be .f—iSSLSSEEier 
that 8 dB maximum lose Is met. iZs, a loss must 
carrier derived portion that takes Into accou^ th^H!"? '=''® 

plus the manufacturing and field variation^ If the 
of the net lose can be maintained at 3 + 1 dB The!! Portion 

for the voice drop from the subscriber termini t available 

»et for one-party service. (NOTE.- The ^ easily 

tier is currently as much as 4 i 2 dflLh m “ ?°"'® oar- 

Indicated above.) “ ± dB which may require computations as 

14.33 The third category refero u* i. 

subscribers. TheJe central office to serve 

ELECTRONIC SUBSCRIBER r run „ 

>5-l Several new SWITCHING SYSTEMS 

•“>»«criber teralnal.^ ^"rerconnect " “®® ‘icher voice 

‘rat. a large^X^ HTf and “ 

:r' ~ 

^*«6*trd‘'“"«'"“"^^‘-" PsV^h ®^®‘^'*^atweenhr ’■°°° "* 

''®^-tne the aa::nt^'’:/n-a«o„ 

frequency repeater. 
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are utted' In the trunk portion o£ the Byatein, design the repeatered 
circuit in accordance with REA TEACH 444. or 446 as appllcaMe. The 
repeatered trunk portion can be engineered to have • 
as low as 2-0 dB by reference to Chart V in Section 446. 

15.12 Subscriber loop portion between the remote temlMl and the 

subscriber to engineered separately by using design procedures 
in this Section which are applicable. 

15 13 lOOO Hz lose to the farthest subscriber is determined by 

adding the lOOO Hz loss of the trunk portion in paragraph 15,11 
above to the 1000 Hz loss for the subscriber loop person in 
15.12. The total lOOO Hz loss to the farthest subscriber should not 

exceed the maximum limit of 8 dB. 

also apply. 

15.2 Where carrier frequency t-hnlques a e^«aed^ln^tJ«^porUon^of^ 

the ayatem between the high denalty aubacrlber 

unit uae information In paragraph 14.33 for hlgn aena , 

“airier ayatema to determine the maximum loop llmlta. 

16. WHEN TRANSMISSION COMPUTATIONS HEED BE MADE 

16.1 T«blea I and T I and Charta I, 11 and I II 

?crirai'’torp raTmiir'ah::: rn%rirs'’rU°n'andXru i. 

II and III- 

16.2 o pen Wlrft Conductora 


16.21 


^ A onen wire conductors) trans- 

vmara loaded cable la the total dc raalatanca 

16.3 PASOSHShS. MA TEACH 426. 

16.31 Compute the 1000 Ha lose 3 j;SiSr“ihould not exceed 

a.. DAnv. 


(a) 

(b) 

(c) 

(d) 

(e) 

(f) 


outside plant, ^'‘‘“^^“ftiterdef “ia of 0.4 dB If uaed. 
long line adapter “^®Xre uaed. 

Voice ”P®her a^Uflcatlon devicea. 

Effective gain ^ 

PABX loss of 0.5 dB. station. 

Outside plant, rAOA 
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16.32 ConBlderatton may be given to using carrier for the trunk 
portion and perhapa long PABX station loops. 

16.4 Subscriber or Station Carrier 

16.41 Where carrier is extended with physical plant at the carrier 
voice frequency drops > loading criteria apply and transmission 
calculations should be made. Use the . computation procedure In R£A 
rS&CM A26 and paragraph 14 above. 


16.5 Remote glectronic Subscriber Line Switching Systems 

16.51 Where systems of this type are derived entirely on a voice 
frequency basis or where carrier derived trunks are used 
extended with voice frequency loops » transmission calculations should 
be made. Use the procedure of paragraph 15 above and carry out com- 
putations In accordance with TE&GM 426. 


14.6 For facllttlee other than those above , compute the 1000 He 

loss using the Inforraatlon In TE6CM 426. Maximum loss for the 
farthest subscriber for a subscriber loop composed of any type outside 
plant facilities should not exceed 6 dB maximum at 1000 He. InclUdlna 
the loss and gain of the following. 


<a) 

(b) 

(c) 

(d) 


Outaide plant 

line adapter or loop extender lose of 0.4 dB if used 
Voice frequency repeater gain where used 
Effective gain of other amplification devices 
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CMO OPEKATION WITH aGC VFR 



6 XF BRIDGED TAP 



NOTE : 16 KF , TOTAL - DOES NOT REQUIRE LOADING 



FIGURE S (Con't.) 


a.O dB 
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